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==========================

Sciatica due to herniation of nucleus pulposus of intervertebral disc is one of the commonest symptoms of patients seeking consultation in spine clinic. Lifetime incidence of sciatica varies from 13 to 40% respectively. The annual incidence of an episode of sciatica ranges from 1 to 5%.[@ref1][@ref2][@ref3] The natural course of intervertebral disc herniation is usually favorable. In a placebo-controlled double-blinded trial, Weber *et al*.[@ref4] found a significant reduction in pain within 4 weeks in 70% of patients with sciatica. The commonly used conservative measures for management of radicular pain due to herniated nucleus pulposus of the lumbar spine are rest, analgesics, physical therapy and transforaminal or epidural corticosteroid injections. On the other hand, incomplete resolution of symptoms or inadequate response to conservative measures may result in surgery in 10% of patients.[@ref5] Herniation of nucleus pulposus is the commonest indication for lumbar spine surgery.[@ref6][@ref7][@ref8] Absolute indications for discectomy include - neurological deficit causing weakness of functionally important muscles such as hip abductors, ankle dorsiflexors, ankle plantarflexors, cauda equina syndrome and progressive neurological deficit in spite of conservative treatment.[@ref5][@ref9][@ref10] The commoner relative indications for discectomy include persistent pain refractory to conservative care and pain that adversely affects the quality of life.[@ref11][@ref12] Though surgery is commonly performed for these indications, there is no agreement on when conservative treatment should be abandoned and surgery considered. Moreover shared decision making, that involves the patient\'s desire to proceed with surgery or avoid it, always raises the clinically important question as to whether the outcome of surgery will be compromised if surgery is delayed and what is the critical time period during which surgery should be performed. Numerous studies have attempted to address the issue of optimum timing of surgery for herniation of nucleus pulposus with conflicting results.[@ref13][@ref14][@ref15][@ref16][@ref17][@ref18][@ref19][@ref20][@ref21][@ref22][@ref23][@ref24][@ref25][@ref26][@ref27][@ref28][@ref29][@ref30][@ref31] Hence, a systematic review of literature was conducted to try to find a consensus on the issue of when one should do surgery for herniation of nucleus pulposus in the lumbar spine.

M[ATERIALS AND]{.smallcaps} M[ETHODS]{.smallcaps} {#sec1-2}
=================================================

Electronic database searches of Medline, Embase and Pubmed Central were performed to find articles relating to optimum time to operate in patients with herniation of nucleus pulposus in the lumbar spine, published from January 1975 to 10 December 2012. This study was not a metaanalysis. Inclusion criteria were: Studies which had patients undergoing primary discectomy as the surgical procedure for herniation of nucleus pulposus and sciatica, studies which correlate duration of preoperative sciatica with regards to the outcome of discectomy, herniations of nucleus pulposus diagnosed clinically and radiologically (magnetic resonance imaging, Myelography, computed tomography scan) or seen intraoperatively, studies with a minimum of 30 patients at last followup, studies with a minimum followup of 6 months. Exclusion criteria were: Studies in languages other than English, nonhuman studies, economic evaluation studies, herniations of nucleus pulposus managed only conservatively or by fusion, studies specifically targeting special patient groups like adolescents, Workers compensation patients, patients more than 70 years old. Since operation techniques, diagnostic methods and indications for surgery have changed over a period of time, articles prior to 1975 were excluded. The keywords used were discectomy, diskectomy, microdiscectomy, microdiskectomy, lumbar vertebrae, lumbar spine, lumbar disk, lumbar, time factor, duration, timing, time. Search strategy used and the results are presented in Tables [1](#T1){ref-type="table"}--[3](#T3){ref-type="table"}.
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Medline search results
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Embase search results
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Pubmed Central search results
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Five hundred and twenty four articles found in the Ovid Medline search were hand searched by their titles and 18 articles found to meet the inclusion and exclusion criteria. On reading the abstracts of these 18 articles, only 13 articles were found to meet the inclusion and exclusion criteria.

Seven hundred and twelve articles found in the Embase database search were hand searched by their titles and 22 articles were found to meet the inclusion and exclusion criteria. On reading the abstracts of these 22 articles, only 16 articles were found to meet the inclusion and exclusion criteria.

One hundred and ninety eight articles found by Pubmed Central search were hand searched by their titles and three articles were found to meet the inclusion and exclusion criteria. On reading the abstracts of these three articles, only two articles were found to meet the inclusion and exclusion criteria.

Thus, the search strategy resulted in 14 articles from Medline search, 16 articles from Embase search and two articles from Pubmed Central search. However, there were numerous common articles between the searches. Hence, combining the three searches, 17 articles were found. Since one of articles by Peul *et al*.[@ref32] was the interim result of another article[@ref33] by the same authors, the final article[@ref33] alone was included. Another study by Vrooman *et al*.[@ref34] was excluded as they studied time to surgery after onset of symptoms and did not evaluate the outcome of surgery. A study by Sutheerayongprasert *et al*.[@ref35] was excluded for similar reasons. Thus 14 articles remained from the search. The references within these 14 articles were searched and 11 more articles were found. On reading these 11 articles, two of the articles-by Peul *et al*. and Osterman *et al*.[@ref36][@ref37] were excluded because in both these randomized controlled trials, preoperative duration of sciatica was constant (6-12 weeks) for all patients and hence not a variable used for prediction of outcome. Two more articles by Salenius and Laurent.[@ref38] and Dvorak *et al*.[@ref39] were excluded because the conclusion regarding when to operate was an opinion of the authors without any supporting data or statistical background mentioned in the articles. Thus, a total of 21 articles were found.

The studies were independently screened by two reviewers. Disagreements between reviewers were settled at a consensus meeting. The type of research design, number of patients at the start of the study and at final followup, percentage of patients at final followup, duration of followup, impact factor of journals in which the articles were published and annual citation index for each article were noted in tabular form for comparison. Annual citation index was calculated as the number of citations of the article until December 2012 divided by the difference between the year of publication of the article and 2012. A scoring system based on research design, number of patients at final followup, percentage of patients at final followup, duration of followup, journal impact factor and annual citation index was devised to give weight age to each of the articles. According to the research design, 30 points were allotted to Randomized controlled trials, 20 points to prospective studies and ten points to retrospective studies. Studies with more than 500 patients received ten points, 100-500 patients received five points and \<100 patients received one point. Considering the percentage of patients remaining at followup, studies with more than 80% followup received ten points, 60-80% followup received five points and \<60% followup received one point. Depending on the duration of followup, articles with more than 5 years followup duration received 20 points, those with 2-5 years followup received ten points and those articles with \<2 years followup received one point. According to the impact factor of the journals for the year 2012, articles in journals with impact factor more than four received 20 points, those in journals with impact index one to four received ten points and those in journals with impact index less than one received one point. As per the annual citation index of the articles, articles with citation index more than 20 received 20 points, those with citation index more than 10-20 received ten points, those with citation index more than five to ten received five points and those with citation index five or less than five received one point. This scoring system is shown in [Table 4](#T4){ref-type="table"}.
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Scoring system for articles
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A maximum of 110 points was possible for every article. However, some of the prospective studies did not mention the number of patients at final followup (and hence the percentage followup). Furthermore, for most retrospective studies, number of patients at followup was available without mention of a number of patients at the start of study and hence percentage followup was not possible. Hence, the maximum possible scores possible were 90 points, 100 points or 110 points. To normalize the total scores of articles for comparison, the percentage scores of the maximum possible scores were found. The articles were divided into three categories according to their percentage scores \[[Table 5](#T5){ref-type="table"}\].
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Category of articles as per the percentage score
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R[ESULTS]{.smallcaps} {#sec1-3}
=====================

A total of 21 studies which met the inclusion criteria were found. Six studies were of Retrospective design, 13 studies were of Prospective design and two studies were Randomized controlled trials. At the initiation of the study, five studies had \<100 patients, 14 studies had between 100 and 500 patients while two studies had more than 500 patients. At followup, five studies had \<100 patients, 12 studies had between 100 and 500 patients, one study had more than 500 patients while three studies had not mentioned the number of patients at followup. According to the percentage of patients at final followup, 11 studies had more than 80% followup, one study had between 60-80% followup, for eight retrospective studies percentage followup was not applicable while for three studies calculation of percentage followup was not possible due to unavailability of data of the number of patients at final followup. Considering the duration of followup, 11 studies had followup of \<2 years, eight studies had 2-5 years of followup while two studies had more than 5 years of followup. Considering Journal impact index, seven articles belonged to journals with impact index less than one, 13 articles belonged to journals with impact index between one and four while one article belonged to Journal (JAMA) with impact index more than four. As per the citation index, 12 articles had citation index of five or less, seven articles had citation index in the range more than 5-10 while there was one article each in the range more than 10-20 and more than 20. A detailed analysis of the studies is shown in [Table 6](#T6){ref-type="table"}. The raw data is presented as [Appendix 1](#App1){ref-type="app"}.
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Results
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Two articles[@ref31][@ref33] in Category A (highest level of evidence), 12 articles[@ref13][@ref15][@ref19][@ref20][@ref21][@ref23][@ref24][@ref26][@ref27][@ref28][@ref29][@ref30] in Category B (moderate level of evidence) while seven articles[@ref14][@ref16][@ref17][@ref18][@ref22][@ref25][@ref40] in Category C (poor level of evidence) were found. Both the Category A studies conclude that duration of sciatica prior to surgery makes no difference to the outcome of surgery in patients with herniation of nucleus pulposus in the lumbar spine.

Ten out of 12 studies in Category B feel longer duration of sciatica before surgery leads to poorer results while 2 studies conclude that duration of sciatica makes no difference to the outcome.

In Category C studies, five studies conclude that longer duration of sciatica before surgery leads to poorer outcome while two studies find no difference in the outcome with regards to the duration of sciatica.

Thus conflicting results in our review were found as regards timing of surgery after herniation of nucleus pulposus in the lumbar spine. A qualitative and quantitative analysis was performed to arrive at a consensus. In the Quantitative analysis, the total number of points of studies (as determined by our scoring system) across all categories showing no difference in the outcome with the duration of sciatica was compared with those showing poorer outcome with increased duration of sciatica. As can be seen in [Table 7](#T7){ref-type="table"}, the results showed more than twice the number of points of studies showing poorer outcome with longer duration of sciatica (666 points) when compared to those showing no difference in the outcome with time (298 points). Thus, the quantitative analysis favored the consensus that longer duration of sciatica leads to poorer outcome.

###### 

Quantitative analysis of results
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A detailed qualitative analysis of the studies was also performed which consisted of attempting to find limitations of studies with seemingly high level of evidence. In randomized controlled trail conducted by Weber,[@ref31] the primary conclusion was that the long term outcomes of conservative treatment versus surgery are similar for patients with herniation of nucleus pulposus of the lumbar spine. Weber[@ref31] also mentions that duration of sciatica makes no difference to the outcome. However, Weber[@ref31] has only compared groups of patients having different durations of sciatica with the outcome in each group. Since multivariate analysis has not been performed, interactions amongst variables have been disregarded. Furthermore, randomization does not apply to the conclusions done for the duration of sciatica. Hence, less weightage is given by us to the conclusion regarding the timing of surgery in Weber\'s study.

In the randomized controlled trial by Peul *et al*.[@ref33] the conclusion is that 2 year outcomes of conservative treatment versus surgery are similar in patients with herniation of nucleus pulposus of lumbar spine. The duration of sciatica for all the patients in the study is 6-12 weeks. Hence, there is not much variation in the duration of sciatica in this study. Also, Peul *et al*.[@ref33] have 40% crossover rate in the conservative group. This decreases the validity of their conclusions especially that related to the outcome of treatment with respect to the duration of sciatica.

Studies in Category C[@ref14][@ref16][@ref17][@ref18][@ref22][@ref25][@ref40] are of an inferior quality as determined by our scoring system. Hence, the results of these studies were not considered. Majority of studies in Category B (ten out of 12) state that longer duration of sciatica leads to poorer outcome of intervention. A recent prospective study by Rihn *et al*.(Spine Patient Outcomes Research Trail \[SPORT\])[@ref28] concludes that patients with symptom duration of 6 months or less had better outcomes (with conservative or operative treatment) compared to patients with symptoms duration of more than 6 months. However, there were significant baseline differences in the two groups. These differences included the type of herniation of nucleus pulposus, the presence of neurological deficit, operative time, percentage of patients who reported depression, percentage of patients who perceived that the problem was getting worse and percentage of patients who had a preference for surgical treatment. Pearson *et al*.[@ref26] conducted an as treated analysis of combined prospective randomized controlled trial and observational cohort study of intervertebral herniation of nucleus pulposus in SPORT. The Treatment Effect (TE) of surgery was defined as: TE = Change in Oswestry Disability Index~surgery~ - Change in Oswestry Disability Index~nonoperative~. They determined the modifiers of TE of surgery for intervertebral herniation of nucleus pulposus using subgroup analysis of 37 baseline variables. In minimally adjusted univariate analysis, they found longer duration of symptoms (\>6 months) was one of the factors associated with a greater TE with surgery (*P* = 0.09) suggesting that patients with longer duration of symptoms (\>6 months) had a better outcome with surgery compared to nonoperative treatment. However, in multivariate analysis, they found only marital status, presence or absence of joint pain and symptom trend as the three independent treatment modifiers. Silverplats *et al*.[@ref30] performed a prospective study of 171 patients undergoing lumbar discectomy for single level herniation of nucleus pulposus. They found duration of leg pain of \<6 months and duration of sick leave of \<2 months was related to better objective and subjective outcome in the short term (2 years) and long term followup (5-10 years; mean 7.3 years).

Hurme *et al*.[@ref19] conducted a prospective study of 357 consecutive patients with herniation of nucleus pulposus of the lumbar spine, younger than 55 years of age, who had not retired and who had no previous back surgery. Using stepwise regression analysis, they found long duration of preoperative sciatica (more than 2 months) was a predictor of poor results. Quigley *et al*.[@ref27] performed a prospective study of 374 patients undergoing unilateral single-level microdiscectomies. Using univariate and multivariate logistical regression analysis, they found Workman\'s Compensation claim and length of symptoms -- more than 6 months (*P* \< 0.0001 for both) affect the surgical outcome. However, the duration of followup for the study was short (6 months). Nygaard *et al*.[@ref24] performed a prospective cohort study for 132 patients who underwent microdiscecomy for single level primary herniation of nucleus pulposus in the lumbar spine. Of the various factors studied as predictors of outcome using multiple linear regression analysis, they found duration of leg pain and duration of sick leave as statistically significant. Using univariate analysis, they found that leg pain of more than 8 months duration increased risk of poor clinical results. Rothoerl *et al*.[@ref29] performed a prospective consecutive study of 219 patients undergoing primary conventional discectomy for monosegmental herniation of nucleus pulposus in lumbar spine. They found statistically significant worse outcomes in patients suffering from leg pain or sensory deficit for more than 2 months compared to those suffering for \<2 months. Hence they recommend conservative care for up to 2 months for herniation of nucleus pulposus in lumbar spine. Ng *et al*.[@ref23] prospectively studied 113 patients with single level herniation of nucleus pulposus in lumbar spine undergoing primary discectomy by single surgeon. They found a statistically significant increased risk of poor outcome for Oswestry Disability Index and Low Back Pain Outcome Score (but not for visual analog scale) if the duration of sciatica exceeded 12 months prior to surgery.

Two of the studies[@ref15][@ref20] found that longer duration of symptoms were associated with poor outcome but did not give the time limit. Jönsson[@ref20] performed a prospective consecutive study of 120 patients undergoing discectomy for single level herniation of nucleus pulposus in lumbar spine. The mean preoperative duration of leg pain was 13 months. Using Mann Whitney test, they found prolonged duration of symptoms were associated with poor outcomes. Using dose-response analysis of the time factors, they found that the risk of having a poor outcome increased continuously with time; however, it was not possible for them to identify a threshold value. Fisher *et al*.[@ref15] studied a prospective cohort of 82 patients who underwent elective lumbar discectomy and assessed health-related quality of life (HRQOL) and the appropriateness of surgery. They found that the duration of time between symptom onset and surgery inversely influenced HRQOL.

Two studies[@ref13][@ref21] found no difference in the outcome with regards to duration of sciatica. Barrios *et al*.[@ref13] conducted a 5 year retrospective analysis of 150 patients with low back pain and/or radicular pain operated by discectomy after 4 weeks of failed conservative treatment. Using multivariate stepwise regression analysis and Chi square test with Yates correction, they did not find significant correlation between duration of symptoms (less than or more than 6 months) and outcome of surgery. Junge *et al*.[@ref21] performed a multicentric prospective study of 381 patients undergoing discectomy for herniation of nucleus pulposus in lumbar spine with the aim to find out good and bad predictors of surgery. Using multivariate discriminate analysis, they found that duration of sciatica did not have any significant effect on the outcome of surgery.

D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

Herniation of nucleus pulposus in lumbar spine can give rise to radicular pain sciatica, the duration of which varies from days to weeks to months, sometimes years. Usually conservative treatment is recommended for sciatica during the initial acute phase with the hope that pain will subside with resorption of herniated nucleus pulposus. However, it not clear as to when surgery should be considered to overcome such pain. When a noxious stimulus is prolonged, it leads to changes in the neural system which maintains pain even after the stimulus is removed.[@ref41] Central hypersensitivity can maintain hyperalgesia without inputs from the injured peripheral tissue.[@ref42] Following a noxious stimulation like herniation of nucleus pulposus, there is sensitization of neurons in dorsal horn of spinal cord and other areas in the somatosensory pathway reflected by increased spontaneous activity, reduced thresholds or increased responsivity to afferent inputs, prolonged after discharges to repeated stimulation, and expansion of the peripheral receptive field of dorsal horn neurons.[@ref41] It has been shown that a nerve constriction injury produces profound changes in spinal cord physiology, function and metabolic activity.[@ref43][@ref44][@ref45] Clinical neurosurgery studies reveal that neurons in the somatosensory thalamus of patients with neuropathic pain display abnormal bursting activity, high spontaneous firing rates and evoked responses to stimulation of body areas which normally do not activate these neurons.[@ref46][@ref47][@ref48][@ref49]

Recently, Jancalek *et al*.[@ref50] found that regenerative effects of decompression on the myelinated axons were more pronounced after 1 week of compression when compared to after 5 weeks of compression in rat spines. Hence, they recommend early surgical decompression after failure of 2-3 months of conservative treatment to prevent irreversible morphological changes in the nerve root and worse clinical outcome.

There is immunological evidence of development of antiglycospingolipid antibodies in patients with sciatica.[@ref51] There are many studies to evaluate the role of inflammatory markers in acute disc herniation. Phospholipase A2,[@ref52][@ref53][@ref54][@ref55] nitric oxide,[@ref56] interleukin (IL)-8[@ref57] IL-6[@ref58] have been shown to play a role in experimental studies. We could not find similar studies evaluating role of inflammatory markers in chronic sciatica.

The qualitative as well as the quantitative analysis of the studies in our review showed that longer duration of sciatica leads to poorer outcome with surgery. However, it should be noted that this is not a metaanalysis. In Category B studies, though majority of studies mention that longer duration of leg pain leads to poorer outcome, there is no consensus on the issue of how long!! While four studies find surgery at 6 months as the time limit for good results versus poor results, one study finds 8 months, another one finds 12 months, two studies find 2 months as the time limit and two studies fail to find a time limit. However, after a systematic study of the suggested time durations, a recommendation can be made that surgery should be performed between 2 and 12 months of onset of sciatica. Only a broad time frame (2-12 months) could be derived from the review of literature due to lack of high quality studies and variable and contrasting results of the existing studies. However, this broad time frame needs to be qualified within limits of acceptance. It could be definitively said that surgery should not be performed before 2 months and after 12 months in patients with herniation of nucleus pulposus of lumbar spine, however again the research question was not when "not" to perform surgery. This ultimately remains a shared decision making between the surgeon and patient, our current work provides guidelines for discussion with patients in the preoperative period. Surgery done prior to 2 months from the onset of sciatica is too early as the symptoms might resolve by the 2 month mark while a surgery performed after 12 months almost always leads to poorer outcome with patients suffering from chronic neuropathic pain and sensory disturbances in spite of removal of painful stimulus. This is well supported and reasoned by clinical and experimental research.

Since most of the studies performed a multivariate analysis, there were many other variables found affecting the outcome. Variables which predicted poor outcome were -long duration of sick leave, low education status, age more than 40 years, single or divorced marital status, preoperative presence and duration of neurological deficit, preoperative chronic low back pain, multiple sites of pain in the body, presence of joint pains, reduced mobility preoperatively, patients under Worker\'s compensation, high preoperative pain/functional disability scores, regular consumption of analgesics and intraoperative complications.

A critical and systematic review of the literature revealed that long duration of preoperative leg pain was found to lead to poor outcome. Though surgery performed within 6 months was most commonly found to lead to good outcome of surgery, further studies are needed to prove this more conclusively. At this stage it is felt that time alone should not be the basis of recommending surgery, hence the practice of telling patients that they need "urgent" surgery for pain due to herniation of nucleus pulposus has no scientific basis.
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